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ABSTRACT
The purpose of this study was to investigate the persistance of the
insecticides aldrin, dieldrin, chlordane, and DDT in water.

A small drainage

area was sprayed with these compounds, and the insecticides were collected
in the runoff water from the area.

Laboratory experiments were performed

to determine the effectiveness of aeration, adsorption on silt, and adsorption
on algae in removing the pesticides from water.
All of the pesticides were found in samples of water collected from the
area for the full period of the tests.

The amounts which were found in a small

pond into which the surface water drained was consistently less than that found
in the surface runoff water itself.

The reduced concentrations in the pond

water were apparently the result of a combination of sedimentation, adsorption
on algae or silt, or volatilization of the insecticide from the water into the
atmosphere. In general, the efficiency of removal of insecticide from water
by any one of these processes appears to be low.

However, because of the

large ratio of absorbant to insecticide, the overall removal is substantial.
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Chapter I
INTRODUCTION

The purpose of this project was to investigate the persistence of
chlorinated hydrocarbon pesticides in water and determine the relative
importance of the processes which influence the residence time of these
compounds in aqueous media. In this particular study, an impounded water
(a very small pond) was used initially in field studies because it seemed
that a non-flowing body of water would offer a less complicated environment.
As a matter of fact, however, even this situation was found to be less than
ideal, and most of the data presented in this report was obtained in the
laboratory.

In addition, the levels of contamination which were used in

the laboratory (comparable to the concentration& found in run-off water
from the sprayed field) were such as to make quantitative evaluation
difficult.

For this reason much of the data and discussion presented should

be considered qualitative only and as suggestive of the probable events
which determine the level of residue which might be found in a water.
The adverse effects of insecticides on the aquatic environment have
been observed for a number of years, and acute cases of gross contamination
of surface waters have received much publicity.

More recently the chronic

effects of exposure to pesticides have become more pronounced and in some
cases (i. e. the coho salmon of Lake Michigan) the contamination of food by
DDT has been severe enough to justify condemnation.

More important perhaps

is the realization that the widespread use of DDT and other persistent
chlorinated hydrocarbons has caused adverse effects on the reproduction
cycle of many species of life.

This, in turn, has led to legal restrictions

on the use of DDT as well as an increased interest in developing other forms
of insect control.

However, because of the grass use of highly resistant

compounds over the past two decades, the chronic problems associated with
pesticides will probably persist for a great many years even if their use
could be halted immediately.

The data which were accumulated during the course of this project
support the findings of other investigators in many respects.

There can

be no question that a number of processes may work in combination to reduce
the concentration of a pesticide in water.

The extent of removal, as well

as the rate, will be determined by several factors.

Chief among those

responsible for the removal of the compound from the liquid phase appears
to be the amount of organic matter available for adsorption, including perhaps
the amount of algae in the water.

An insecticide adsorbed in this manner may

of course be released at some subsequent time and recontaminate the water,
or be ingested by a higher form, leading to contamination of the food supply.
The chief mechanism through which the pesticide actually may be removed
completely from the water appears to be through the process which has been
labeled "co-distillation" although the mechanism involved does not appear to
follow the usual laws which govern co-distillation of liquid mixtures.

There

have been numerous references in the literature that pesticides may be
degraded to non-toxic forms, particularly by soil organisms. Presumably
the same reactions could occur in an aqueous environment, but very little
substantive data to support this conclusion could be found, and no evidence
was uncovered during the course of these experiments to suggest that
:inicrobial degradation is a major factor in the disappearance of pesticides
from water.
It must not be presumed, however, that reactions which appear
relatively minor in laboratory or short term field studies cannot contribute
in significant ways to the fate of pesticides in the. environment. Because
of the huge amounts of silt, organic matter, living organisms, and exposed
surface area available in a lake or stream, even a slight degree of interaction
between the insecticide and one or more of these possible modes of reaction
will have a large cumulative effect on the apparent concentration of pesticide
in the liquid phase, and on the rate of its disappearance .
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Chapter II

FIELD AND LABORATORY PROCEDURES

Field Preparation
At the beginning of the project the plan was to use an outdoor site
for all of the experimental work. It was also felt that it would be more
representative of actual conditions if the water to be tested had actually
been collected as run-off from an area which had been sprayed with known
amounts of specific ins~cticides.

It was further planned to attempt to

maintain a rough material balance on the amount of insecticide sprayed
and the amounts that could be recovered from the water, soil, and
vegetation. With the cooperation of the University Agricultural Experiment
Station, a pond with no outlet and a well-defined drainage area was located
on one oLthe University farms in Mercer County, Kentucky, approximately
three miles from the town of Burgin.
The pond is man-made; formed by the construction of a fill at the
base of a slope.

The drainage area above the pond has an area of 45,080

square feet, and is quite steep, having an approximate slope of twenty per
cent.

Since the plot was formerly used for pasture, a very good stand of

grass exists, composed mainly of fescue, clover and Bluegrass.

As noted on

Figure 1, the entire drainage area was fenced to prohibit livestock from
entering the plot. Numerous rock out-croppings exist throughout the drainage
area.

A small pit, approximately two feet square and two feet deep, was dug

sixty feet from the pond edge in a slightly defined gully to intercept surface
runoff.

The intercepted water was collected in a metal container and brought

to the laboratory for use in the laboratory tests.
On May 10, 1966, the entire plot was sprayed with commercial grade
aldrin, chlordane, and DDT. A tractor-mounted sprayer was used, and
spray was applied in a criss-cross pattern, assuring uniformity of application.
- 3 -
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figure l
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In an effort to assure concentrations within measurable limits of detection
and yet stay reasonably close to the recommended rate of application,
approximately twice the normal dosage was applied.

Eight pounds of commercial

aldrin emulsion, sixteen pounds of chlordane emulsion concentrate, and four
pounds of DDT emulsion concentrate were mixed with fifty gallons of water and
sprayed.

The active ingredient rate for each of the three compounds were as

follows: aldrin, 7. 74 pounds per acre; chlordane, 15. 48 pounds per acre; and
DDT, 3. 87 pounds per acre.

Prior to spraying the area, the pond was completely

drained and the bottom was essentially dry.

This was done to minimize the

dilution of the pesticide entering tile pond after the first rainfall witll uncontaminated water.
From the date of application, May 10, 1966, until October 20, 1966,
periodic samples of pond water, surface runoff, grass and soil were taken.
Pond water samples were obtained by means of a one-quart vessel attached
to a long rod, enabling samples to be taken well away from the pond's edge.
One gallon samples were collected and stored in wide-moutlled jars.

For

the soil and grass samples, twelve points scattered uniformly tnroughout the
drainage area, were located and permenently marked.

At each point, a one-

foot square patch of grass was removed from the ground surface up, and
stored in polyethylene bags.

Also at each point, a soil sample to a deptll

of one inch was taken, using a three-inch diameter cylindrical metal pipe.
The sod was included in this sample, and the entire sample stored in polyethylene bags.
Two rain gages were initially installed, and the cumulative rainfall
collected during each week was recorded.

Also recorded was the water

surface elevation of the pond, and the water temperature of the pond and pit.
Rainfall data was checked against daily reported rainfall obtained from the
United states Weather Bureau station at Dix Dam, located less than a mile
from tile test site.
Sampling at regular intervals was discontinued in late October with

•

the draining of tile pond.

Frequent trips were made throughout the winter

and spring, llowever, to obtain samples for further laboratory study.
- 5-

Laboratory Procedures and Analytical Methods
Samples which were brought to the laboratory for analysis were
sealed and refrigerated until extraction could be performed.

The extrac-

tion procedures for the soil and grass samples were performed according to
the United States Public Health Service Guide To The Analysis of Pesticide
Residues. ( 1) The method used to extract the samples of water is given
below.
Water Extraction
One-liter aliquots were poured into two-liter capacity separatory
funnels equipped with Teflon stopcocks.

Successive portions, consisting

of 100, 50, 50, 50, and 50 milliliters of pesticide-quality hexane were added.
After each addition, the sample was gently shaken for at least one minute.
The liquid layers were allowed to separate and then drawn off, the upper
layer (hexane) being collected separately.

The sample was dried by the

addition of approximately five grams of granular anhydrous sodium sulfate,
and gently shaken.

Occasionally an emulsion would form, necessitating the

centrifuging of the entire extracted sample.

Although the USPHS Guide

recommends cleanup on Florisil, it was found that this was not necessary
for the pond and surface runoff samples.
The extracted volume was measured, and the entire volume reduced
to approximately six to eight milliliters, using a one-liter Kuderna-Danish
condenser. The concentrated sample was then placed in a twenty milliliter
vial with one gram of sodium sulfate and refrigerated until analyzed.

The

extraction efficiency by this method was determined (except for chlordane)
by using radioactively labeled compounds and a liquid scintillation counting
system, with efficiencies found to be as follows:
Aldrin

76. 2 per cent

Dieldrin

99. 4 per cent

DDT

73. 0 per cent

As no radioactive chlordane was available, the extraction efficiency
for this insecticide was determined with the gas chromatograph. A measured
- 6 -

amount of chlordane was thoroughly mixed with 1000 liters of water, and
extracted using the procedure outlined above.

The extraction efficiency for

chlordane was found to be 42. 6 per cent.
Soil Extraction
Procedures for the extraction of pesticides from soil were found
to be generally unsatisfactory and the data on soil samples are not considered
very reliable. Decomposition of compounds, chemical reactions with metabolic
debris, and the adsorption or assimilation of compounds by flora and fauna
present in fertile soils can all contribute to making unknown amounts of
pesticides in soil unextractable ( 1 ).

The following procedure, developed

by the Shell Development Company, and outlined in the USPHS Guide, was
considered the most satisfactory at the time, and was used in these studies.
One hundred grams of soil, free from pebbles or other large objects,
were placed in a 1000 milliliter ground glass stoppered Erlenmeyer flask,
and 150 milliliters of distilled water added to form a slurry. Exactly 100
milliliters of pesticide-quality hexane were added, and the contents shaken
for twenty minutes on a Burrell wrist action mechanical shaker.
portion was decanted and centrifuged.

The liquid

The top portion of hexane was then

decanted into a 300 milliliter stoppered, ground-glass bottle, and anhydrous
sodium sulfate added.
The extraction efficiencies (except for chlordane) were obtained by
using radioactively labeled pesticides.

A five milliliter sample of each

of the solutions was counted, and five milliliters of the same solutions were
mixed with 100 grams of soil.

The soil was then extracted using the procedure

outlined above, and the extract counted.

The efficiencies were determined to

be as follows:
Aldrin

8. 6 per cent

Dieldrin

26. 1 per cent

DDT

9. 0 per cent
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The extraction efficiency for chlordane was determined using gas
chromatography, and was found to be 64 per cent.
Grass Extraction
The procedure for grass extraction was taken from the USPHS
Guide, by Mills ( l ) , and is applicable to plants, leafy vegetables and
fruits containing less than two per cent fat.
Twenty grams of chopped grass were blended in a high-speed blender
with 200 milliliters of acetonitrile and ten grams of Celite.

The mixture was

transferred to a Buchner funnel and filtered under suction into a 1000 milliliter
flask.

The filtrate volume was measured, and then transferred to a 1000

milliliter separatory funnel.

One hundred milliliters of petroleum ether

were added, and the mixture shaken for two minutes.

Ten milliliters of

saturated aqueous sodium chloride solution and 600 milliliters of distilled
water were added, and the mixture again shaken.

The two liquid layers

were allowed to separate, and the water drawn off and discarded.

The

petroleum ether was again washed with two different 100-milliliter portions
of distilled water.

The petroleum ether was finally drawn off and dried

with anhydrous sodium sulfate, and the volume recorded. At this point,
the sample was ready for cleanup, which was done on a Florisil column
as follows: activated Florisil was placed in a chromatographic column to
a depth of four inches followed by one-half inch of anhydrous sodium sulfate,
with the entire column wetted with four milliliters of petroleum ether.

The

sample extract was poured into the top of the column and allowed to percolate
at a rate of approximately five milliliters per minute. The extract container
was rinsed with two five-milliliter portions of petroleum ether and these
rinsings were also poured into the column. When the top of the petroleum
ether reached the top of the sodium sulfate layer, 200 milliliters of six
per cent diethyl ether in redistilled petroleum ether, also at a rate of
approximately five milliliters per minute, were eluted through the column.
When the top of the six per cent solution reached the top of the sodium sulfate
layer, elution with 200 milliliters of fifteen per cent diethyl ether, also in
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redistilled petroleum ether, was begun.

Collection of the eluate began when

the elution with the six per cent diethyl ether solution was begun.
was facilitated by the use of 200 milliliter volumetric flasks.

The procedure

Both the six per

cent and fifteen per cent solutions of diethyl ether were placed in the flasks,
and at the appropriate time, the stems of the flasks were carefully inverted
into the column.

The use of the reservoir eliminated the need of constant

attention, requiring only occasional checks on the flow rate.

Aldrin, chlordane

and DDT can be recovered from the Florisil by elution with the six per cent
diethyl ether solution, while dieldrin is recovered by elution with the fifteen
per cent solution.

Finally, the sample was concentrated using a Kuderna-

Danish condenser.
The efficiency of the entire extraction procedure, including the cleanup
on Florisil, using radioactively labeled compounds, were:
Aldrin

19. 6 per cent

Dieldrin

55. 8 per cent

DDT

65. 6 per cent

The extraction efficiency for chlordane, using gas chromatography, was
determined to be 79 per cent.
Sample Analysis
All samples were analyzed using a Barber-Coleman Series 5000 Gas
Chromatograph equipped with an electron-capture detector. A six-foot U-shaped
column, containing DC-200 on Anachrome ABS packing was used for all samples.
Temperatures of 185°C, 215°C and 220°C for the column, detector and injector,
respectively, were maintained at all times.

Both nitrogen gas and a 95 per

cent argon - 5 per cent methane mixture were used as a carrier gas, with
satisfactory results being obtained from each.

A standard mixture of the

four pesticides being considered was injected after every two or three
samples to insure that the system was functioning properly. The peak heights
(or areas) of the samples were then compared with the peak heights of the
standard solutions to obtain the concentrations of the unknown samples.
Retention times were related to the retention time for aldrin (relative

- 9 -

retention time equal to 1. 0) and found to correspond closely with expected
values as published in the USPHS Guide. ( 1) The concentrations were then
determined by knowing the initial weight or volume, the extracted volume,
and, for grass and water, the concentrated volume.
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Chapter III

RESULTS FROM FIELD SAMPLE ANALYSIS

The drainage area above the pond was sprayed as noted in Chapter
II on May 10, 1966 at a time when the grass cover was relatively short.
Within the next two days 1. 2 inches of rain fell on the area and sampling
began immediately with the results which are presented in Tables I, II,
III, IV, and V.

Following the rain, a large number of small fish were

found dead in the pond, although the concentration of no single insecticide
exceeded the toxic limits for fish which have been reported in various
references.

An oily film was observed on the surface of the pond, appar-

ently caused from the solvents in which the pesticides had been emulsified
during manufacture.

It appeared that the death of the fish may have been

caused by suffocation, rather than poisoning from the insecticides. It
should be noted that dieldrin was found in the pond water only three days
after the area had been sprayed, an indication of the rapidity with which
aldrin may be oxidized to dieldrin under field conditions.
It would be anticipated that a heavy rain soon after an insecticide
is applied to a field would tend to wash a large quantity of the pesticide
from the foliage.

In addition, an intense rain would tend to minimize

the amount of insecticide which entered the soil, since run-off would begin
much earlier than would be the case if the rainfall intensity had been more
moderate.

It was therefore not unexpected when fairly large amounts of

all of the insecticides were found in the run-off water collected in the pit.
In subsequent analyses of the water collected in the pit, the amounts of
insecticide found were generally lower than the first concentration by
a factor of about ten. This would probably be expected also, since the residue
remaining after the first rain would be that which had had the opportunity to
be adsorbed on organic matter in the soil, or to be retained by infiltration
into the ground, or to have volatilized from the surface of the grass.
- 11 -
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TABLE I
CONCENTRATIONS OF PESTICIDES
IN SURFACE RUNOFF
(parts per billion)
Date

Aldrin

Chlordane
44.8

Dieldrin

DDT

46.89

96.97

5/13/66

10.16

6/14/66

1. 24

5.44

8.18

9. 71

7/ 8/66*

2.12

4.23

4.27

25.17

8/12/66

0.59

4.84

5.97

12.90

9/15/66**

1.12

8.45

10.44

14.02

10/ 6/66

0.97

1. 54

5.11

4.87

12/ 1/66

0.441

2.44

1. 26

6.67

2/ 2/67

0.454

1. 70

2.46

3.52

4/10/67

0.22

6.85

8.45

1. 76

5/15/67

0.39

7.05

1.175

7.60

6/21/67

0.106

10. 81

0.586

1. 93

*Grass on the drainage area mowed and baled June 26.
**Grass on the drainage area mowed September 14.
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TABLE II

CONCENTRATIONS OF PESTICIDES
IN THE POND WATER
(parts per billion)

Date

Aldrin

Chlordane

Dieldrin

DDT

Drainage area sprayed

5/10/66
5/13/66

0.49

10.90

0.54

1. 21

6/14/66

0.17

0.56

0.06

0.75

7/ 8/66*

0.25

0.11

0.11

5.16

8/12/66

0.89

1. 72

0.16

1. 06

9/15/66**

0.89

0.98

0.04

0.44

0.34

0.75

0.03

0.49

10/ 6/66

*Grass on the drainage area mowed and baled June 26.
**Gras on the drainage area mowed September 14.

- 13 -

TABLE III
CONCENTRATIONS OF PESTICIDES
IN THE SOIL
(micrograms/ gram of soil)
Dieldrin

DDT

Aldrin

Chlordane

5/13/66

1.14

0.34

1. 74

6.74

6/14/66

0.67

0.31

1. 16

6.33

7/13/66

0.42

0.28

0.69

5.92

8/12/66

0. 38

0.20

1.12

7.46

9/15/66

2.94

0.38

1. 77

14.80

10/ 6/66

0.41

0.60

0.28

18.10

11/17/66

0.21

0.24

1. 18

15.35

0.0441

0.039

0.442

2.96

Date

6/ 2/67

TABLE IV
CONCENTRATIONS OF PESTICIDES
IN THE GRASS
(micrograms/gram of grass)
Date

Aldrin

Chlordane

Dieldrin

0.096

0.340

DDT

5/13/66
6/14/66
7/13/66

0,00395

0.108

o. 25

0.024

8/12/66

0.00184

0.103

0.032

0.017
• 0012

9/15/66

0.022

10/ 6/66

0.040

0. 061

o. 021

• 006

6/ 2/67

• 0002
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observation which. may be significant was an increase in the concentrations
of chlordane and dieldrin found in tb.e surface runoff in the spring following
tb.e date of spraying.

This could be due possibly to the action of freezing

and thawing which would expose more soil surface to the leaching action
of tb.e spring rains, or simply to the fact that conditions for leaching (due
to tb.e greater frequency of rainfall) may b.ave been more advantageous
during th.is season.
be noted.

Tb.e rapid conversion of aldrin to dieldrin should also

Throughout the field sampling period, the concentration of dieldrin

in every case exceeded that of aldrin by factors of between tb.ree and ten.
Concentrations of insecticides found on the grass samples were quite
low at all times, ranging from a few tenths of a part per billion to approximately
twenty parts per billion.

These values can be compared to the initial con-

centrations on tb.e sprayed area of 82 milligrams per square foot for aldrin,
41 milligrams per square foot for DDT, and 164 milligrams per square
foot for chlordane.

Tb.e rapid reduction in concentrations in tile vegetation

shows th.at the pesticides are readily transferred to the soil or carried
off by surface runoff.
Soil samples sh.owed a relatively consistent range of concentrations,
with the exception of DDT. While aldrin, dieldrin, and chlordane were in
tb.e range of one to two parts per million, DDT showed a definite build-up
from approximately six ppm to fifteen-to-eighteen ppm.

Edwards ( 2 )

found th.at after one year, 80 per cent of tb.e DDT, 75 per cent of the dieldrin,
55 per cent of tb.e cb.lordane and 26 per cent of the aldrin originally applied
may be still present in soil.

Alexander ( 3 ) found that DDT and dieldrin

persist in soil for more than three years, wb.ile cb.lordane will persist
even after eleven years.

It has been reported by Lichenstein and Scb.ultz

( 4 ) th.at aldrin can be displaced from soil by water, and that its persistence
in soil will tb.erefore be dependent upon the moisture content of tb.e soil.
Furth.er, tb.ey concluded that much. of the aldrin displaced by water would
be lost by volatilization. DDT, on the other hand, would not volatilize
upon displacement by water.

This was confirmed in tb.e soil data obtained

- 15 -

from the test plot, because the concentration of aldrin was in the range
of only a few tenths of a part per million, while the concentration of DDT
reached 15-18 ppm.

Since DDT does not significantly volatilize upon dis-

placement by water, this partially explains the build-up of DDT concentrations
in the soil. Aldrin, on the other hand, which has been shown to volatilize
upon displacement by water, does not show any build-up.
On November 17, 1966, six months after application, soil samples
at four points located uniformly about the sprayed area were taken to a depth
of twelve inches. Six samples were taken at each location, and the results
are tabulated in Table V. As shown by the data, concentrations for all
insecticides decrease with the increase in depth.

No dieldrin, chlordane,

or DDT, and only a trace of aldrin was found below a depth of three inches.
Perhaps the most significant observation indicated by the field data
was the low concentrations of chlordane, dieldrin, and DDT which were
found in the pond water, as compared to the concentrations found in the
surface runoff.

Preliminary analysis of the data suggested the possibility

of interception of the surface runoff and pesticides by vegetation between
the pit and the pond.

However, samples of runoff intercepted at the edge

of the pond during a high-intensity rainfall were found to have almost
identical concentrations as samples collected simultaneously at the pit.
The possibility that infiltration of ground water into the pond could
sufficiently dilute the pond water to give low concentration values was also
investigated.

To check this possibility, the water surface elevation was

recorded at the end of a rainfall of extended duration, immediately after
surface runoff had ceased, and recorded again twenty-four hours later.
The twenty-four hour reading showed no increase in water surface elevation,
indicating that dilution by infiltration of ground water was probably not a
significant factor.

Thus it was concluded that the concentrations of the

surface runoff intercepted by the pond were being reduced by physical and
biological reactions in the pond.

These conclusions led to subsequent studies

of the removal of pesticides from water by naturally occurring processes.
- 16 -

TABLE V

CONCENTRATIONS OF PESTICIDES IN SOIL
FROM VARIO US DEPTHS*
(micrograms/gram of soil)

Depth Below
Grass Roots

Aldrin

Cl:ilordane

Dieldrin

DDT

1 inch

0.344

0.270

2.426

16. 80

2 inches

o. 073

0.119

0.427

2.76

3 inches

0.065

0.077

0.152

1. 22

4 inches

Trace

**

**

**

*Samples taken November 17, 1966, approximately six months after
area was sprayed
**None detectable
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The studies that were undertaken were as follows:
1. Removal from water by aeration

2. Removal from water by adsorption on pond silt
3. Volatilization of dry pesticides into the air
4. Removal from water by algae
The procedures used and results of these studies are reported
in the next chapters .

•
•
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CHAPTER IV
LABORATORY STUDIES
The following studies were made to obtain information which would
explain the lower concentrations of insecticides in the pond water as compared
to the concentrations found in the direct surface runoff.

As the direct runoff

samples were not allowed to accumulate in the pit, there was relatively little
time for natural reactions to take place. It was recognized that in the pond,
however, physical and biological processes would occur which would reduce
the pesticide concentrations.
Removal of pesticides from water by aeration
The purpose of this investigation was to determine if the pesticides in
question, aldrin, dieldrin, chlordane and DDT, would be volatilized into the
c

air upon aeration of a mixture of the pesticides in water.

Buescher and

others (5), using electron-capture gas chromatography, found that 87 per cent
of the aldrin and 82 per cent dieldrin with 27 and 45 liters of air, respectively,
could be removed from aqueous solutions.

The air flow rate or time of

aeration were not reported.
In laboratory tests using separate samples of radioactively labeled
insecticides in water, Whitehouse (6) obtained 92 percent removal of dieldrin,
55 per cent removal of aldrin, and 50 per cent removal of DDT at rates which
reached an apparent concentration equilibrium after thirty hours.

Tests were

run at 20° C, and at an air flow rate of 90 milliliters per minute.
For this investigation, a sample of direct runoff collected from the
pit at the pond site was used, thus giving a mixture of all four insecticides,
rather than discrete samples.

Aeration was provided by a diffuser stone

attached to an air supply header to provide mixing and a maximum surface
area.

A flow meter was placed in the supply line to measure the air flow

rate, which was held constant at 600 milliliters per minute.
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All samples

were extracted by the liquid extraction technique as outlined in Chapter II, and

'

were analyzed using electron-capture gas chromatography.
The results of the study are presented in Figure 2, and show that
60 per cent removal of chlordane, 55 per cent removal of DDT, and 85 per
cent removal of dieldrin was obtained at a rate which reached an apparent
concentration equilibrium after approximately four days.

The results for

aldrin that were obtained from these tests were inconclusive, and, therefore,
are not reported as a part of this investigation.

Preliminary data, however,

showed that approximately 40 per cent of aldrin may be removed from water
by aeration.
Removal of pesticides by adsorption on silt
The purpose of this part of the investigation was to determine if the
bottom silt of the pond exhibited adsorptive properties for the pesticides in
question.

The primary constituent of the slit was clay, with an organic content

of 5. 80 per cent.
Activated carbon has been studied extensively, and has been found to
adsorb chlorinated hydrocarbons quite readily.

Clay minerals have been

studied to a limited extent, and have been found to have widely varying degrees
of adsorptive capacities for different chlorinated hydrocarbons.

Swartz (7),

using the clay minerals montmorillonite, illite and kaolinite found that the
pesticide CIPC (Isoproply N- (30 Chlorophenyl Carbamate) was only removed
to the extent of three to four per cent.

Using montmorillonite for studies on

2,4-D, less than one per cent was found to be removed.

Radioactively labeled

compounds were used, and the hydrogen ion concentration was varied from
4. 8 to 9. 3.

Aly and Fause (8), using bentonite, also found that little 2, 4-D

could be adsorbed.

Whitehouse (6), using radioactively labeled compounds,

found that 47 per cent of dieldrin, 25 per cent of DDT, and 20 per cent of
aldrin could be removed from solution by adsorption on some specially
processed clay minerals.

The tests were run at room temperature, and a

dosage of 250 mg/I was used.

The contact time was three weeks.
- 20 -
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In making adsorption studies using highly insoluble compounds such as
the chlorinated hydrocarbons, one of the problems encountered is the difficulty
in obtaining a well-defined system.

In the tests reported by Whitehouse (6)

and in those described below, the following procedure was used in an attempt
to insure a degree of uniformity in the mixtures used. Quantities of radioactive aldrin and dieldrin, in excess of the reported solubilities, were placed
in separate 18-liter bottles which were then filled with distilled water which
had been filtered through membrane filters.

The mixtures were stirred

mechanically for extended periods of time, often in excess of one month.
The mixtures were again filtered through membrane filters to remove larger
aggregates and the filtrate was used in the experimental tests.

Samples of

the stock solution taken periodically during the time in which the tests were
run indicated that the mixture remained essentially uniform in character,
(Samples taken from the bottles several months after the conclusion of the
tests showed a considerably greater concentration near the bottom of the
bottle, indicating that settling and possibly some agglomeration of particles
had occurred. )
Five hundred milligrams of silt (dry weight) was placed into one
gallon wide-mouthed jars with tops, with 2000 milliliters of distilled water
to provide a concentration of 250 mg/1.

The tops of the jars were tightly

closed to retard evaporation, and the tests were run at room temperature
using magnetic stirrers to provide agitation.

Samples were collected at the

end of the first and fourth days, and weekly thereafter.
The samples were removed at the appropriate time, centrifuged for
several minutes, and the supernatant was decanted for counting.

For all

samples, five milliliters of water and 15 milliliters of scintillation liquid
were placed in twenty milliliter scintillation vials.
triplicate and corrected for background.

All samples were run in

A Packard Tri-Carb Liquid

Scintillation Spectrometer was used, and each sample counted for ten minutes.
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To obtain the counting efficiency of the liquid scintillation counting system, a
14
measured amount of benzoic- c acid, with an activity of 5760 disintegrations
per minute per milligram, was placed in a 20 milliliter vial, with five
milliliters of distilled water, and fifteen milliliters of scintillation liquid.

The

sample was then counted and the counting efficiency for C-14 calculated to be
46. 3 per cent.

The concentrations of the samples could then be determined,

knowing the counts per minute (cpm), and the counting efficiency.

These

values were determined to be as follows:
Aldrin

-5
3. 97 x 10 mg/1 per 1. 0 cpm/ml

Dieldrin

3. 94 x 10

-5

mg/1 per 1. 0 cpm/ml

No radioactive chlordane was available, and only a very low count
could be obtained with DDT, due to its extremely low solubility, so the liquid
scintillation counting system was not used for these two compounds.

Instead,

a sample of direct runoff from the pit at the pond site was utilized which
contained significant quantities of DDT and chlordane.

'

A dosage of 750 mg of silt for three liters of runoff water was used and
the samples were mixed in tightly-capped wide-mouth jars on magnetic
stirrers.

All samples were taken in triplicate (one liter each) and 50 mg of

aluminum sulfate was added to coagulate the silt particles.

The samples were

mixed for twenty minutes on a mechanical mixer at a mixing speed of ten
revolutions per minute. The sample was allowed to settle and the supernatent
drawn off.

The bottom portion of the sample was then centrifuged, and the

supernatent obtained here was combined with the first, then extracted
following the liquid extraction procedure outlined in Chapter II.
were concentrated, and analyzed by gas chromatography.

The extracts

A sample of direct

runoff containing no silt was also treated with 50 mg/1 of aluminum sulfate to

'

determine if the pesticide compounds would also be removed.

This sample

was extracted, concentrated and analyzed simultaneously with a sample of
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direct runoff with no aluminum sulfate added, and it was found that there was
no apparent removal of the pecticides by the aluminum hydroxide.

Samples

were taken after the first and fifth days, and weekly samples were taken
thereafter.
Chromatographic analysis of water containing DDT, aldrin, dieldrin
and chlordane which was stirred with silt showed removals of chlordane and
dieldrin which reached an apparent concentration equilibrium of about 40 and
37 per cent, respectively, after five days.

Removal of DDT and aldrin was

negligible (Figure 3). It was assumed that the chlordane and dieldrin were
removed by adsorption on the silt.

However, on extraction of silt samples

taken from the bottom of the pond, higher concentrations of DDT and aldrin
were found on analysis.

Although these results seem contradictory, on closer

examination, a possible explanation may be suggested.

It may be that chlordane

and dieldrin are so tightly adsorbed on the silt that little is removed by the
extraction procedure used for silt.

On the other hand, the DDT and aldrin

may not adhere to the silt particles, and any DDT or aldrin which had settled

'

in the pond would be easily dissolved in the hexane solvent.

This explanation

is consistent with the data found in the laboratory in which the water instead
of the silt was analyzed.

This analysis showed the amounts which were

actually removed from the water, and the silt extraction showed the amount
the extraction procedure was capable of removing from the silt. Both
procedures seem to indicate that chlordane and dieldrin are adsorbed on the
silt, while DDT is not.
Volatility of dry pesticides
The extent of loss of dry pesticides by volatilization in air was
investigated to determine if this loss would be significant.

Although this

would have no influence on the fate of the pesticide in the pond, it would help
to determine the total amount which entered the water after an area had been
treated. It was thought that this could also contribute to the relatively small
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amount of pesticides found on tb.e vegetation when subjected to b.ot, dry
weatb.er, and migb.t also be an important factor in tb.e dissipation of tb.ese into
tb.e environment. Wb.iteb.ouse (6) found tb.at at temperatures of 20', 30', and

•

40'C; 0. 0 per cent, 1. 2 per cent, and 3. 3 per cent, respectively, of DDT,
over a 100 day period, was volatilized into tb.e air.

At the same temperatures

during tb.e same period of time, 0. 0 per cent, 5. 0 per cent, and 40 per cent
of aldrin, and O. 0 per cent, 3. 0 per cent, and 12 per cent of dieldrin, were
volatilized into the air.
In tb.is particular test, aluminum disb.es were stored at constant
temperature until a constant weight was reacb.ed, and tb.en covered witb. a tb.in
layer of dry pesticides, tecb.nfoal grade.

Technical aldrin, 95 per cent pure,

100 per cent pure dieldrin, and 77. 2 per cent DDT, para, para' isomer were
used.

Technical grade chlordane in solid form was not available, consequently

no data is presented for this compound.
The results of tb.e study are shown in Figures 4, 5, and 6, showing
per cent loss of weigb.t for temperatures of 20' C and 40' Cover a 100 day
period.

All curves show an initial rapid rate of loss of insecticide which

becomes linear with increasing time.

The lower portions of the curves, with

the scattering of data and a varying rate of loss, indicate that low boiling
impurities initially present may affect tb.e loss in weight for all compounds.
Following an initial period of approximately twenty days, b.owever, the rate
of loss of weight for all compounds approaches linearity.

The volatility rate

of aldrin at 20'C and at 40'C, was 0. 012 and 0.12 per cent per day,
respectively.

Dieldrin was volatilized at the rate of O. 005 per cent per day,

at both 20' C and 40' C.

DDT was volatilized at the rate of 0. 00167 per cent

per day at 20'C, and at 40'C the rate increased to O. 0345 per cent per day.
It is obvious from the manner in which these tests were conducted that
the conditions used are in no way comparable to those which would exist
during actual field conditions.

The thickness of tb.e pesticide film, wind and
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moisture conditions, and other factors would be very much different in actual
use.

For these reasons, per cent of loss with time is not a very significant

parameter. What these figures do show is that there is a definite rate of loss
due to direct volitization into the air and that over a period of time,
particularly witl:t very thin films exposed over large areas, the amounts which
enter the atmosphere may be considerable.
Since it is unlikely that there would be absolutely no rainfall at all over
an extended period, the majority of the pesticide applied to a crop probably
would be washed off the vegetation and either contaminate the soil or enter a
water course or impoundment with the surface runoff.

Tl:te conditions under

which volitization would occur would of course be very different and would be
influenced by additional factors such as absorption on soil organic matter,
etc.

Nevertheless, it appears that over long intervals, a substantial quantity

of pesticide could be expected to enter the atmosphere.
Tl:tese data may also nave some significance in estimating the amount
of pesticide which might be lost from a water surface by "co-distillation", or
from a particle of soil from which the pesticide has been displaced.

It has

been observed that non-polar chlorinated hydrocarbon compounds tend to
collect at air-water interfaces. If compounds of this type have essentially no
affinity for water, there should be little or no attraction force to prevent
the pesticides from vaporizing, mucl:t as it would from a dry, inert surface.
Volatilization would be a function of the vapor pressure of the compound at
the prevailing temperature, rather than to co-distillation in the usual sense
of the term.

Essentially the same reasoning could be applied to the increased

vaporization noted by Lichtenstein (4) after DDT was displaced from a soil
after the soil had been moistened with water.

(It might be observed that any

substance which can be displaced from an absorbant, such as soil, by water
is not likely to be removed from water througl:t an absorption process by
this same absorbent.

Tl:tis would indicate that DDT should not be absorbed
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strongly on the mineral fraction of the silt in waterways.)
A rather simple experiment was performed to determine the rate of
loss of the pesticide aldrin by "co-distillation".

A sample of water containing

aldrin C-14 was prepared as previously described (prolonged mixing in
distilled water followed by filtration through membrane filters).

A volume of

about four liters was placed in a nine liter wide-mouth bottle which was
equipped with an air inlet tube through which air was blown over the liquid
surface at 400 milliliters per minute.

In the beginning an effort was made to

trap the aldrin which passed out in the air stream in a collector containing
hexane, but this proved to be unsuccessful.

Attempts to trap the aldrin by

freezing the moisture in the effluent stream were also unsuccessful.

The final

data were obtained merely by sampling the liquid periodically to determine the
aldrin remaining, although it was realized that this procedure would not
provide the material balance which was desired.

The data shown in Figure 7

represents the cumulative loss of aldrin fromthe liquid phase over a seven
day interval.

The percent removal per day is not great, as would be

anticipated since the original aldrin concentration was so small (about 2. 5
parts per billion) and the exposed surface was not large.

However, it is

readily apparent that over an extended period of time a substantial amount of
aldrin (and presumably dieldrin) could be lost from water by volatilization.
Since aldrin does not "co-distill" from hexane (in which it is soluble)
it may be speculated that it is only the insoluble aggregations of pesticide
which are capable of being volatilized from water. If this is the case, there
may be a limiting value, related to the true solubility of the compound, which
would be reached after a prolonged period of time.

It is realized that the data

on aldrin given here are considerably different from those reported by
Buescher (5) and by Whitehouse (6).

In those tests the initial concentrations of

pesticide were much greater, and the air-water interface area was much
greater because of the diffused air aeration system used.
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Removal from water by algae
The possibility that algal growth in tb.e pond could adsorb tb.e pesticide
compounds, th.us reducing tb.e concentrations to values less than tb.ose found in
tb.e direct surface runoff was investigated.

Tb.e interaction of algae and

pesticide compounds was first observed wb.en a sample o{ pond water was
analyzed which contained a measurable amount of algal growth. that had
settled to the bottom of tb.e container.

The bottom portion, including tb.e algae,

had concentrations of pesticides greater th.an th.at of tb.e upper volume of water
in the container by factors of 5. 2 for aldrin, 7. 9 for dieldrin, 7. 3 for DDT,
and 17. 1 for chlordane.
As a furtb.er test, eigb.t liters of surface runoff water from tb.e pit
were placed in a Pyrex jar and seeded with. algae collected from tb.e pond.
Nutrients and trace metals were added to aid in tb.e growth. of an algal
population, and tb.e sample was placed so as to utilize tb.e maximum amount of
sunligb.t each day.

A 1000-milliliter sample was decanted, extracted, and

analyzed at tb.e end of seven days following tb.e extraction and analysis
tecb.niques outlined in Cb.apter II.

A sample of the same surface runoff water

with. no algae added was et>d:racted and analyzed simultaneously with. the
seeded sample. It was found th.at the algal growth reduced tb.e concentrations
of tb.e different pesticides as follows: aldrin, 44. 2 per cent; dieldrin, 46. 4
per cent; chlordane, 73, 6 per cent; DDT, 13. 1 per cent.
In order to obtain some additional information on tb.e reduction of

pesticide levels in water by algae, a series of tests were performed using a
pure culture of the alga Cb.lamydomonas Eugamentos.

The water used was

obtained from tb.e area wb.ich b.ad been sprayed at tb.e beginning of tb.e
project.

By th.is time, all of the aldrin wb.icb. b.ad been applied to the area had

converted to dieldrin, and th.is was tb.e only insecticide found in the run off
water at th.is time.
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In an initial attempt, a culture of algae was grown on an essentially

•

inorganic medium

and the algal cells were then centrifuged from the medium

and added to the contaminated water.

This procedure was unsuccessful, as

the algae did not continue to grow in the new environment. Next, eight samples
of 900 milliliters each of the pit water were innoculated with the algae and
a small quantity of the growth media.

These samples, along with two control

samples containing no algae, were exposed to fluorescent light over an
18-week period, alternating 16 hours of light with 8 hours of darkness.

The

temperature was approximately 80° F.
After approximately 6 weeks, the concentration of algae had increased
to the point where it was possible to begin the analysis.
The weight of algae was obtained by filtering a portion of the suspension,
drying, and weighing.

The water was analyzed for dieldrin by extracting

with five portions of hexane (300 ml. total), concentrating in a Kuderna Danish condenser, and drying with sodium sulfate.

The final analysis was

made with a chromatograph equipped with an electron capture detector.

The

algae were separated from the liquid by centrifuging the total volume of
liquid in one sample bottle.

The amount of dieldrin in the algae was

calculated after extraction by the procedure proposed for plants by Mills in
the USPHS Guide (1).

This procedure involves extraction with acetonitrile

with celite added; filtering; and washing, first with petroleum ether and then
with a NaCl solution.

The residue from the extraction was cleaned-up on an

activated Fluorisil column and the pesticide eluted with first with a volume of
6% diethyl ether in petroleum ether followed by a volume of 15% diethyl ether
in petroleum ether.

The eluate was concentrated and the final analysis made

with the chromatograph.
The total amounts of dieldrin found in the water and algae are shown
on Figure 8.

The time scale begins at six weeks since this was the earliest

that an appreciable quantily of algal growth was observed in the sample
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bottles. It is evident, however, that the major part of the pesticide had

•

become associated with the algae before the first sample was analyzed .
(Difference between control and water concentrations.) The increase in the

•

quantity of dieldrin associated with the algae corresponded generally to an
increase in the total weight of algae in the cultures.

However, the total

mass of algae continued to increase after the tenth week, although the
quantity of dieldrin extr·acted from the algae decreased, and the amount
in the liquid phase became constant.
There was insufficient time available to make a more thorough study
of the concentration of pesticides by algae.

Based on the evidence obtained

in this one experiment some observations may be made which might indicate
some additional studies which would be useful. It may be significant that
the dieldrin was recovered as the original compound and apparently suffered
no degradation by the algae.

This would indicate that the insecticide could

(

be re-cycled unchanged into the water, or ingested by aquatic life.

Of more

significance, however, may be the relationship observed between the rate of
decrease in the total concentration of dieldrin in the algae and in the water.
Since the two curves showing this decreased at the same rate, it can be
inferred that the algae were releasing dieldrin at a rate equivalent to the
rate the pesticide was being lost from the water, presumably through the
process of "co-distillation". The net effect of the release from the algae
was to maintain a constant concentration of dieldrin in the liquid. If these
suppositions are valid, it would indicate that the dieldrin is probably
absorbed by the algal cells in a physical sense only, or if it is incorporated
into the algal cell, a reversible equilibrium still exists between the concentrations in the cell and the concentration in the water.
As a final comment on this phase of the study, it was found that the
fraction of dieldrin which became associated with the algae reached approximately 90 per cent after 10 weeks and remained at this figure for the duration

•
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of tb.e test.

Tb.is was true altb.ougb. tb.e total mass of algae continued to

increase beyond tb.is time.

Tb.ere was no way to determine if tb.e dieldrin was

attacb.ed to living cells, or dead cells, or botb.; and tb.is is anotb.er aspect
of tb.e problem wb.icb. sb.ould be investigated.

(

•
·•
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SUMMARY AND CONCLUSIONS
This report presents data on some of the reactions which might be
expected to occur when some of the chlorinated hydrocarbon insecticides are

•

distributed into the environment.

The indications are that there are actually

very few phenomena which are effective in actually degrading these compounds
to non-toxic forms, or in removing them permanently from water.

The

results indicate that:
1.

Absorption of insecticides on the mineral fraction of clays occurs

to a limited extent only, and if a substantial fraction of the total present is
removed, it is because of the large quantity of silt available in relation to the
total quantity of insecticide.
2.

Over a period of time, a substantial quantity of pesticide may be

expected to volatilize from the surface of the ground, or from vegetation, into
'[

the air.
3.

Algae seems to be able to absorb a large fraction of pesticide from

dilute suspensions.

The mechanism was not found, but it appears that the

reaction is reversible.

There was no evidence during these tests that actual

degradation was taking place.
4.

There is evidence that over a long period of time, aldrin, dieldrin,

chlordane, and DDT may form agglomerates large enough to settle in
quiescent water.

Sedimentation may therefore be a major mechanism for the

removal of these pesticides from water, at least temporarily.
5.

The chief mechanism for the disappearance of a highly insoluble

insecticide from water may be through "co-distillation", or evaporation
from the surface of the liquid.

The rate at which this occurs is rather slow

under simulated field conditions and with the concentrations of pesticides
used in this study, and should be a function of the vapor pressure of the

•

insecticide and its solubility.
by artificial aeration.

•

The rate of removal can be increased substantially

This is a factor in the persistence of pesticides which

should be investigated more thoroughly.
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